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INTRODUCTION

The loss of neurofibromin, a tumor suppressor corded by NF1 gene, is the major characteristic of
neurofibromatosis, which leads to the accumulation of hyperactive Ras-GTP which turns on uncontrolled
mitogenic signals in the nucleus (1-5). Therefore, NF1 can be regarded as a disease resulting from the
disruption of the balance between cell proliferation and apoptosis (6, 7). In other words, NF1 cells gain
immortality due to their over-proliferation and defective apoptosis.

Based on the molecular mechanism of NF1, several strategies have been developed to control the
over-growth of NF1 cells, including the induction of cell death via interference with integrity of cell
membrane, cell cycle and program death machinery.

We are focused on a unique molecule, hyaluronan (HA) binding peptide (HABP). It is a natural
peptide, also called tachyplesin (30), which possesses HA binding activity. It is produced by horseshoe
crab. The rational for study of this HABP is based upon the following facts. 1) Proteins that can bind to HA
such as the soluble forms of CD44 and RHAMM can inhibit tumor growth and/or metastasis (8-10). 2)
Fragments of proteins that contain HA binding domain, such as endostatin (fragment of collagen XVIII),
angiostatin (fragment of plasminogen), and hemopexin-like domain of metalloproteinase also possess potent
anti-tumor activity (11-14). 3) For more than a decade, the powder or extracts from shark cartilage have
been widely used as alternative medicine by cancer patients in USA, Europe and Asia. In some patients, this
substance did exhibit anti-tumor effects. Cartilage contains large amounts of HA binding proteins (HABP).
It is possible that the anti-tumor effect of shark cartilage achieved in some patients is due to a small amount
of HABP passing through impaired intestinal mucosa of these individuals (15-22). And 4) several proteins
purified from the cartilage, a HA-rich tissue, have been found to have the anti-tumor effect (23-29).

In the past, we have demonstrated that HABP exerts an anti-tumor effect on NF1 cells.

In this year, we continue to study the anti-tumor mechanism of HABP by using a phage display
approach to define the molecule that interacts with HABP. To our amazement, we found that the Clq, a key
component in the complement pathway bound to HABP and activate the classical complement cascade,
leading to cell death.

The results are summarized as follows.
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BODY
In previous studies, we have demonstrated that the hyaluronan binding peptide (HABP) exerts
anti-tumor effect on NF1 cells. This HABP is a small peptide composed of 17 amino acids that was
initially isolated from the horseshoe crab, also called tachyplesin (31). It has an amphipathic structure
conferred by two anti-parallel B-sheets held rigidly in place by two disulfide bonds. This structure appears
to be critical for its anti-tumor activity (32). However, the initial target of this molecule is largely unknown.

To elucidate the mechanism by which HABP/tachyplesin (briefly tachyplesin) can inhibit the growth
of tumor cells, we began by investigating proteins that can bind to tachyplesin. Using the T7 phage display
technique, we identified the Clq sub-component of human complement 1 as a potential target. The
interaction between Clq and tachyplesin was confirmed by an ELISA and by affinity-precipitation. These
results suggest that the binding of tachyplesin to Clq triggers the activation of classical complement
pathway and leads to the killing of tumor cells. Interestingly, this effect was blocked if the target cells were
pretreated with hyaluronidase or an excess of hyaluronan. This indicates that tachyplesin may initially target
hyaluronan and related compounds on the cell surface and subsequently bind to Clq in the serum to activate
the complement pathway. This represents a new mechanism for an anti-tumor agent.

1. Isolation and Characterization of Tachyplesin-binding Phages: To identify sequences that bind
to tachyplesin, we screened a phage-displayed library of some 1.6 x 107 unique clones expressing sequences
from tumor cells ranging in size from 300 to 3,000 base pairs in length fused to the T7 gene 10 capsid
protein. Phage particles expressing tachyplesin-binding proteins/peptides were affinity purified on the wells
of a microtiter plate coated with tachyplesin or control peptide. After 4 or 5 rounds of bio-panning, the
number of phages from the tachyplesin-coated plates was approximately 100-fold greater than that from
control peptide plates. Ten plaques were then selected and amplified by PCR. Eight had the same size PCR
products and some of these were then sequenced. The deduced amino acid sequences were then subjected to
a blast analysis and the results repeatedly identified human Clq, a subcomponent of complement. The
region of Clq involved in the binding to tachyplesin was located around the first 400 base pairs of
complement Clq B chain open reading frame (Genebank access number NM_000491), corresponding to the
N-terminal collagen-like domain of Clq (33).

2. Binding of the Clq to Tachyplesin: To further test the possibility that tachyplesin binds to Clq, we
examined the interaction between these two proteins using an ELISA-like system. In the first assay, plates
were coated with tachyplesin or the control peptide, probed with Clq and then the amount of bound Clq
was detected with anti-Clq.

As shown in Fig. 1 A, Clq binds to immobilized tachyplesin in a dose-dependent manner, but not to
the control peptide. Similar results were obtained when the plates were pre-coated with Clq and then
probed with biotinylated tachyplesin which was detected by a streptavidin coupled system (Fig. 1 B).
However, this interaction was significantly reduced if the tachyplesin was denatured by reduction and
alkylation of the disulfide bonds and further acetylation of the charged side chains (Fig. 1 C), which
suggests that the interaction between tachyplesin and Clq depends upon the secondary structure of
tachyplesin.

The binding of tachyplesin to Clq was also dependent on the NaCl concentration used in the assay
buffer (Fig. 1 D). The maximum binding occurred at 0.15 M NaCl, the normal physiological salt
concentration. Both increasing and decreasing the ionic strength in the assay drastically reduced the
binding.
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Fig. 1. The interaction between tachyplesin and the C1q subcomponent of complement 1. A) ELISA
plates were coated with varying concentrations of either tachyplesin or the control peptide and then incubated with 1
ug of Clq that was then detected with anti-C1q and peroxidase conjugated detection system. The Clq bound to the
plate coated with tachyplesin but not to that coated with the control peptide. B) Plates were coated with varying
concentrations of purified C1q, probed with biotinylated tachyplesin (1 pg/ml) and then assessed with the streptavidin
conjugated peroxidase and substrate system. Again, the tachyplesin bound to the immobilized Clq. C) Plates were
coated with similar amounts (10 pg/ml) of native, reduced and alkylated (RA), and reduced, alkylated and acetylated
(RAA) tachyplesin. Then, the plates were probed with 100 ng/ml of Clq followed by anti-Clq and peroxidase
conjugated detection system. The binding of Clq to native tachyplesin was significantly greater than either of the
denatured peptides. D) To test the effect of ionic strength on the interaction, ELISA plate coated with 10 pg/ml of
Clq and then incubated with 0.1 pg/ml of biotinylated tachyplesin in VBS buffer of variable ionic strength. The
maximum binding corresponded to physiological ionic strength of 0.15 M NaCl.

The interaction between tachyplesin and Clq was further examined by affinity-precipitation and
Western blotting of normal human serum. For this, a biotinylated version of tachyplesin was incubated with
normal human serum, followed by streptavidin-Sepharose. The immobilized proteins were then eluted and
analyzed by Western blotting with anti-C1q polyclonal antibody. As shown in Fig. 2, probing the blot with
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a poly-clonal antibody revealed three bands corresponding to three chains of the Clq complex (A 27.5, B
25.2, and C 23.8 kDa, respectively) in the tachyplesin treated sample, but not in the samples without the
peptide or with the control peptide. Not surprisingly, only a small portion of C1q from the serum was pulled
down since serum contains a relatively high concentration of this protein (80 pug/ml) (21). Taken together,
these results suggests that Clq binds to both immobilized (surface-bound) and free (liquid-phase)
tachyplesin, and tachyplesin binds to both purified and serum Clq, which confirms that there is true
interaction between these two molecules.
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Fig. 2. Affinity-precipitation of serum C1q with tachyplesin. Normal human serum was incubated without
or with biotinylated tachyplesin and control peptide, along with streptavidin-Sepharose in VSB buffer at 4 °C
overnight. After washing, the beads were extracted in Laemmli sample buffer (reducing conditions) and subjected to
SDS-PAGE and Western blotting with anti-Clq antibody. Three bands representing the A, B, C chains of Clq
(27,550, 25,200, 23,800 Dalton, respectively) were apparent in the sample incubated with biotinylated tachyplesin but
not detected in the absence of peptide or in the control peptide. The results are representative of three different
experiments.

3. Activation of the Classical Complement Pathway by Tachyplesin: To determine if tachyplesin
could activate the complement pathway, we used ELISAs with tachyplesin-coated microplates. Normal
serum was diluted with VBS (containing Ca®*) and applied to wells coated with tachyplesin or the control
peptide, washed and then probed with polyclonal antibodies against C4, C3, and C5b-9. As shown in Fig. 3
A, the significant amounts of activated fragments of C4b, C3b, and C5b-9 complex were detected in the
forms of property. Furthermore, when the same fresh serum was heat-inactivated (56 °C, 30 min) prior to the
use, the activated fragments of C4b, C3b, and C5b-9 complex were detected at a level of background similar
to the control peptide in the same ELISA. These data strongly demonstrates that tachyplesin is able to trigger
the activation of whole classical complement cascade, since the appearance of C4b, C3b, and C5b-9
complex is the characteristics of the classical activation of complements.

To visualize the existing of activated C4b fragments, Western blotting was performed. Normal fresh
human serum was mixed with the biotinylated tachyplesin or control peptide, affinity-precipitated with
streptavidin-Sepharose, subjected to SDS-PAGE and finally Western blotted using antibodies to C4. Figure
3 B shows that the three peptide chains of C4b (a0 97 kDa, B 75 kDa, and y 33 kDa, respectively) were
affinity-precipitated in the tachyplesin-treated sample, but not in those treated with the control peptide or in
the absence of peptide. These results are consistent with the results obtained from ELISA, which further
confirm that the tachyplesin is capable to activate the classical complement cascade, although we cannot
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exclude the possibility that tachyplsein binds selectively and directly to C4b and then activate the down-
stream molecules.
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Fig. 3. Determination of tachyplesin-mediated activation of the classical complement pathway by ELISA and affinity-
precipitation. A) Microtiter plates coated with either tachyplesin of the control peptide (10 pg/ml), incubated with normal
human serum (NHS) without or with heat-inactivation (h-NHS). The serum was diluted with VBS (1:2 for C4b, C3b and 1:20 for
C5b-9). Complement activation was then assessed using polyclonal antibodies against C4, C3 and polyclonal antibody to C5b-9.
There was a significant amount of immobilized C4b, C3b and C5b-9 detected in the wells that were coated with tachyplesin and
incubated with normal human serum, as compared to those coated with the control peptide or incubated with heat-inactivated
serum. B) For affinity-precipitation and Western blotting, normal human serum was treated without peptide or biotinylated
control peptide or biotinylated tachyplesin. Streptavidin-Sepharose beads were added to the mixture, washed thoroughly and
processed for SDS-PAGE and Western blotting with antibodies to C4b. The bands of o, B, y chains of C4 (Mr 97, 75, and 33
kDa, respectively) were apparent in the samples treated with tachyplesin, but not with the control peptide or in the absence of
peptide. ‘

4. Role of hyaluronan in the deposition of C4b and C3b on Tumor Cells: Since tachyplesin
contains a hyaluronan binding motifs [B(X);B] (19), we investigated the possibility that tachyplesin can
bind to hyaluronan (both free and cell-associated). To this end, we took advantage of the fact that
hyaluronan by itself does not bind to nitrocellulose but will do so in the presence proteins or peptides that
bind to it (22). In the assay, tachyplsein was mixed with [°H]-hyaluronan and then applied to a
nitrocellulose membrane. The free [*H]-hyaluronan was washed away with PBS, and the complex of [*H]-
hyaluronan-tachyplesin that was retained on the filter membrane was analyzed. Figure 4 A shows that
tachyplsein binds strongly to hyaluronan, and this could be abolished by a 100-fold excess of unlabeled
hyaluronan. In contrast, the control peptide showed little or no binding to [*H]-hyaluronan, indicating that
the binding of tachyplsein to hyaluronan was specific.

We then examined the binding of FITC-tachyplesin to tumor cells that express large amounts of
hyaluronan on their surfaces (19, 23). As shown in Fig. 4 B, tachyplsein was distributed on the surface of
the cells. This binding was significantly reduced by the addition of an excess of free hyaluronan on pre-
treatment with hyaluronidase (Fig 4 C) as demonstrated by flow cytometer analysis. These results suggest
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that hyaluronan or related molecules such as chondroitin sulfate (24) act targets for tachyplsein on the cell
surface.
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Fig. 4. Hyaluronan-mediated attachment of tachyplesin to TUMOR tumor cells. A) To determine the binding of
tachyplesin to HA, tachyplesin and the control peptide were mixed with [’H]-HA, applied to a sheet of nitrocellulose and
extensively washed. A significant amount of [’H]-HA bound to the nitrocellulose in the presence of tachyplesin but not in the
control peptide or with an excess of unlabeled HA. B) One million tumor cells were incubated with 1 pg/ml of FITC-tachyplesin
at 4 °C for 30 min, fixed with freshly prepared 4% formaldehyde and analyzed with confocal microscopy. Tachyplesin was
associated with the surfaces of the cells. C) To determine the role of cell surface HA in the attachment of tachyplesin to tumor
cells, the tumor cells were incubated with or without hyaluronidase (0.1 mg/ml) at 37 °C for 1 hour. Then, 10 pg/ml of FITC-
tachyplesin was added to the cells at 4 °C for 30 min followed by fixation. Flow cytometry showed that the binding of FITC-
tachyplesin to the cell surface was partially blocked by pretreatment with hyaluronidase or an excess of HA.

In the classical pathway of complement activation, 4-to 5-fold more C3b than C4b is deposited on
the surfaces of target cells (17). In addition, C3 contains a thioester moiety that can form covalently bonds
with nearby molecules in the transition from C3 to C3b. Thus, C3b deposition represents an index of
complement activation. For this reason, we tested whether tachyplsein could induce the deposition of C3b
on tumor cells. Tumor cells were incubated in a mixture of normal serum and tachyplesin, stained with
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antibodies to C3 then examined by confocal microscopy. As shown in Fig. 5 A and B, C3b was indeed
deposited on the surfaces of tumor cells.
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Fig. 5. Effect of tachyplesion on the induction of complement on the surfaces of tumor cells. A and B)
tumor cells were incubated with tachyplesin in the presence of 10% normal human serum for 20 min, washed and then
incubated with a polyclonal antibody to C3 (4 °C for 30 min) followed by a FITC-secondary antibody and analysis
confocal microscopy. Both immunoflourescence alone and the merger of fluorescence and transmitted images are
shown. C) To analyze complement activation by Western blotting, TSU cells were incubated in 10% normal human
serum in the presence or absence of either tachyplesin or control peptide at 37 °C for 60 min. After washing, the cell
lysates were harvested and processed for Western blotting with antibodies to C3b. In the cells treated with
tachyplesin, there were two bands corresponding to o and 3 subunits of C3b (115 and 75 kDa), as wells as a high
molecular weight band (HMW) representing C4b covalently bound to membrane constituents. These bands were
reduced in cells treated without peptide or with the control peptide. D) To examine the role of cell surface HA in the
deposition of complement, 100 pg/ml peptides were added to the cells culture in the presence of 10% normal human
serum and incubated for 20 min at room temperature. The cells were then washed, incubated with a goat polyclonal
antibody to human C3 (20 pg/ml) at 4 °C for 30 min followed by incubation with FITC-conjugated anti-goat IgG
(1:200) at 4 °C for 30 min. The cells were finally stained with propidium iodide and analyzed with FACS.
Preincubation with hyaluronidase abrogated the C3 deposition on tumor cell surfaces.

The presence of activated C3b was also demonstrated by Western blotting of tumor cells following
treatment with serum and tachyplesin. Figure 5 C shows that in the samples treated with tachyplesin, two
subunits of C3b (a 115 kDa and 75 kDa) and possibly degraded iC3b (? band for al). Significantly, a
high molecular weight band (HMW in Fig. § C) was found with Western blotting under reducing conditions,
indicating a covalent linkage to large membrane constituents. Scans of these Western blots revealed that the
majority of deposited C3b (70% to 80%) was present in this high molecular weight form. This is consistent

10
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with the fact that in the transition from C3 to C3b, a thioester moiety can form covalently bonds with nearby
molecules. FACS analysis of cells treated with tachyplsein and serum (Fig. S D) showed that there was a
significant increase in FITC-tagged antibody to C3, indicating that C3b deposition on the tumor cells. This
did not occur with cells treated with the control peptide. These results are consistent with those from
confocal microscopy and Western blotting.

Since tachyplsein can bind to hyaluronan, we investigated the possibility that membrane-bound
hyaluronan plays a role the binding of tachyplesin-mediated activation of complement on the surface of
tumor cells. The suspensions of tumor cells ere pretreated with hyaluronidase before the addition of
tachyplsein and human serum, and the presence of C3b was detected immuno-staining followed by FACS
analysis. As shown in Figure 5D, hyaluronidase pre-treatment markedly reduced the intensity of
fluorescence, indicating a reduction in C3b deposition. Thus, hyaluronan or related glycosaminoglycans do
appear to play a key role in the activation of complement on the cell surface by tachyplesin.

S. Effect of tachyplsein on Tumor Cells: The fact that tachyplsein can trigger the deposition of
complement on the surfaces of tumor cells via classical pathway, suggesting that it might kill cells by
disrupting the integrity of the plasma membrane. To test this possibility, we examined the permeability of
cell membrane with macromolecule FITC-Dextran, which is excluded by the membranes of viable, healthy
cells but can pass through the damaged plasma membrane of unhealthy cells (2). Figure 6A showed that
when cells were treated with tachyplsein and human serum, the fluorescence spectrum was shifted,
indicating that more FITC-Dextran had passed through the plasma membrane and entered the cytoplasm.
Thus, it appears that treatment with tachyplsein disrupted the cell membrane and increased its permeability.

Finally we examined the effect of tachyplsein and normal human serum on cell growth. As indicated
in Figure 6 B, tumor cells treated with tachyplsein showed a marked inhibition of proliferation in the
presence of complete human serum. However, treatment of the cells with hyaluronidase significantly
reversed this effect, again suggesting that cell-surface hyaluronan plays a critical role in tachyplesin-induced
inhibition of tumor cell growth. Significantly, heat-inactivated serum also attenuated the effects of
tachyplesin, but to a lesser extent than hyaluronidase treatment. These results imply that tachyplsein may
have multiple effects on the cells leading to both growth arrest and death.

11
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Fig. 6. Biological Effect of hyaluronidase on tachyplesin-mediated cytotoxicity of tumor cells. A) To
determine whether tachyplesin damages the plasma membrane, TSU cells were incubated with tachyplesin plus or
heat-inactivated human serum or normal human serum (NHS) overnight. After harvesting, the cells were incubated
with 5 pg/ml of FITC-Dextran (Mr 40,000) and subject to flow cytometry. The amount of FITC-Dextran taken up by
the cells was significantly higher in those treated with tachyplesin than in the control cells, suggesting that tachyplesin
disrupts the integrity of the plasma membrane. B) Tumor cells were treated with hyaluronidase (0.1 mg/ml) at 37 °C
for 1 hour. Then, tachyplesin and 2% normal human serum or heat-inactivated serum were added and incubated
overnight followed by a [’H]-thymidine incorporation assay. The cytotoxic effects of tachyplesin in present of normal
serum were reduced by either treatment with hyaluronidase or heat-inactivated serum. '

Taken together, these observations suggest that HABP / tachyplesin binds to both hyaluronan on the
cell surface and Clq in the serum and activates the classical complement cascade, which damages the
integrity of the membranes of the tumor cells resulting in their death.

12
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Key Research Accomplishments

In past year, we have accomplished the follow tasks: 1) isolate and characterize the
HABP/tachyplesin-binding phages; 2) define the binding of the Clq to tachyplesin; 3) elucidate the
activation of the classical complement pathway by HABP/tachyplesin; 4) define the role of
hyaluronan in the deposition of C4b and C3b on tumor cells; and 5) further examine the effect of

HABP/tachyplesin on tumor cells.

Conclusions

1. HABP/tachyplesin binds to Clq on cell surface.

2. HABP/tachyplesin appears to activate the classical complement cascade, since it triggered several
down-stream events including the cleavage and deposition of C4 and C3 and the formation of C5b-9.

3. The HABP/tachyplesin binding to Clq and activation of classical complement cascade can be
blocked if the tumor cells are treated with hyaluronidase or a large excess of hyaluronan, indicating
that hyaluronan or related glycosaminoglycans were involved in this process.

4. Treatment of cells with HABP/tachyplesin and serum results in an increase in membrane
permeability as indicated by the ability of FITC-dextran to enter the cytoplasm.

5. The combination of HABP/tachyplesin and human serum can markedly inhibit the proliferation of

tumor cells and this effect is attenuate if the serum is heat-inactivated or if hyaluronidase is added.

6. This represents a new anti-tumor mechanism.

13




Charles B. Underhill, Ph.D. and Zhang, Lurong, M.D., Ph.D.
DAMDI17-01-1-0703

Reportable outcomes
(Due to or partially due to this support)
Papers

. Ninfei Liu, Xue-Ming Xu, Jinguo Chen, Luping Wang, Shanmin Yang, Charles B. Underhill, and
Lurong Zhang: A Hyaluronan-Binding Peptide Can Inhibit Tumor Growth by Interacting with Bcl-2.
International Journal of Cancer 2004; 109 : 49-57

. Chen J, Zhang L and Kim S: Quantification and detection of DcR3, a decoy receptor in TNFR family.
Journal of Immunological Methods 2004; 285(1):63-70.

. Kim S, McAuliffe W, Zaritskaya L, Zhang L, and Nardelli, B: Selective induction of TR6/DcR3
release by bacterial antigens in human monocytes and a dendritic cell subset. Infection and Immunity
2004; 72(1):89-93.

. Jinguo Chen, Xue-Ming Xu, Charles B. Underhill, Shanming Yang, Luping Wang, Yixin Chen, Shuigen
Hong, Karen Creswell, Lurong Zhang: Tachyplesin Activates the Classical Complement Pathway to
Kill Tumor Cells (submitted to Cancer Res. )

Abstracts

. Weimin Liu, Ivan Ding, Keqiang Chen, John Olschowka, Lurong Zhang and Paul Okunieff:Elevation of
IL-1PB and matrix metalloproteinases (MMPs) in radiation induced mouse dermatitis and fibrosis. Proc.
Annu. Meet. Am. Assoc. Cancer Res. 2004; 3119

. Lurong Zhang, Weimin Liu, Xiaoqi Gong, Jian Wang, Dading Fu, Yuanying Jiang, Ivan Ding and
Okunieff Paul, Elevation of Hyaluronan After Radiation in Vitro and in Vivo. Proc. Annu. Meet. Am.
Assoc. Cancer Res. 2004;335

. Paul Okunieff, Weimin Liu, Jainhua Xu, Keqiang Chen, Lurong Zhang and Ivan Ding: Effect of
Cytokines on radiation induced cutaneous toxicity in mice. Proc. Annu. Meet. Am. Assoc. Cancer Res.
2004; 3117 '

. Lurong Zhang, Shanmin Yang, Luping Wang, Weimin Liu and Sunghee Kim: Regulation of DcR3 in
cancer cells by modulators of protein kinase C. Proc. Annu. Meet. Am. Assoc. Cancer Res. 2004; 3395

. Luping Wang, Feng Gao, Zeqiu Han, Shanmin Yang, Jinguo Chen, Charles B. Underhill and Lurong
Zhang. Alterations of hyaluronan and hyaluronidase induced by Hypoxia. Proc. Annu. Meet. Am.
Assoc. Cancer Res. 2004; 3587

. Jinguo Chen, Xue-Ming Xu, Charles B. Underhill, Shanming Yang, Karen Creswell and Lurong Zhang:
Tachyplesin can kill tumor cells by activation of the classical complement pathway. Proc. Annu. Meet.
Am. Assoc. Cancer Res. 2004; 4375

14




Charles B. Underhill, Ph.D. and Zhang, Lurong, M.D., Ph.D.
DAMDI17-01-1-0703
7. Shanmin Yang, Jinguo Chen, Charles B. Underhill, Sunghee Kim, Luping Wang, Xu-Ming Xu and
Lurong Zhang: Effect of Triptolide on the Telomerase Activity in Human Cancer Cells. Proc. Annu.
Meet. Am. Assoc. Cancer Res. 2004,993

8. Sunghee Kim, Shanmin Yang, Weimin Liu, Xue-Ming Xu and Lurong Zhang: Transcriptional regulation
of DcR3 in colon cancer cells. Proc. Annu. Meet. Am. Assoc. Cancer Res. 2004, 3342

9. Shanmin Yang, Luping Wang Jinguo Chen, Xue-Ming Xu, Sunghee Kim, Charles B. Underhill and
Lurong Zhang: Radiation-sensitizing effect of DcR3 siRNA on human colon cancer SW480 cells. Proc.
Annu. Meet. Am. Assoc..Cancer Res. 2004; 4151

10. Ross JS, Sheehan CE, Kallakury BVS, Azumi N, Kim S Yang S, Zhang L: Immunohistochemical
expression of decoy receptor DcR3 in human colorectal and ovarian carcinomas. Proc. Annu. Meet. Am.
Assoc. Cancer Res. 2004; 3362

15




Charles B. Underhill, Ph.D. and Zhang, Lurong, M.D., Ph.D.
DAMDI17-01-1-0703
References

DN

Rasmussen SA, Friedman JM: NF1 gene and neurofibromatosis 1. Am J Epidemiol 2000;151(1):33-40

. Park VM, Pivnick EK: Neurofibromatosis type 1 (NF1): a protein truncation assay yielding

identification of mutations in 73% of patients. ] Med Genet 1998; 35(10):813-20

Friedman JM: Epidemiology of neurofibromatosis type 1. Am J Med Genet 1999; 89(1):1-6

4. Feldkamp MM, Angelov L, Guha A: Neurofibromatosis type 1 peripheral nerve tumors: aberrant
activation of the Ras pathway. Surg Neurol 1999 Feb;51(2):211-8

5. Basu TN, Gutmann DH, Fletcher JA, Glover TW, Collins FS, Downward J: Aberrant regulation of ras
proteins in malignant tumour cells from type 1 neurofibromatosis patients. Nature 1992;
356(6371):713-5

6. Gutmann DH, Loehr A, Zhang Y, Kim J, Henkemeyer M, Cashen A: Haploinsufficiency for the
neurofibromatosis 1 (NF1) tumor suppressor results in increased astrocyte proliferation. Oncogene
1999; 18(31): 4450-9

7. Prayson RA: Bcl-2, bel-x, and bax expression in dysembryoplastic neuroepithelial tumors. Clin
Neuropathol 2000; 19(2): 57-62

8. Guo YJ, Liu G, Wang X, Jin D, Wu M, Ma J, Sy MS: Potential use of soluble CD44 in serum as
indicator of tumor burden and metastasis in patients with gastric or colon cancer. Cancer Res
1994;54(2):422-6

9. Sy MS, Guo YJ, Stamenkovic I: Inhibition of tumor growth in vivo with a soluble CD44-
immunoglobulin fusion protein J Exp Med 1992;176(2):623-7

10. Mohapatra S, Yang X, Wright JA, Turley EA, Greenberg AH: Soluble hyaluronan receptor RHAMM
induces mitotic arrest by suppressing Cdc2 and cyclin B1 expression. J Exp Med 1996;183(4):1663-8

11. O'Reilly MS, Boehm T, Shing Y, Fukai N, Vasios G, Lane WS, Flynn E, Birkhead JR, Olsen BR,
Folkman J: Endostatin: an endogenous inhibitor of angiogenesis and tumor growth. Cell 1997;88
(2):277-85

12. O'Reilly MS, Holmgren L, Shing Y, Chen C, Rosenthal RA, Moses M, Lane WS, Cao Y, Sage EH,
Folkman J: Angiostatin: a novel angiogenesis inhibitor that mediates the suppression of metastases
by a Lewis lung carcinoma. Cell 1994;79(2):315-28

13. Bergers G, Javaherian K, Lo KM, Folkman J, Hanahan D: Effects of angiogenesis inhibitors on
multistage carcinogenesis in mice. Science 1999; 284(5415):808-12

14. Brooks PC, Silletti S, von Schalscha TL, Friedlander M, Cheresh DA: Disruption of angiogenesis
by PEX, a noncatalytic metalloproteinase fragment with integrin binding activity. Cell 1998;
92(3):391-400

15. Miller DR, et al: Phase I/Il trial of the safety and efficacy of shark cartilage in the treatment of
advanced cancer. J Clin Oncol. 1998; 16(11):3649-55

16. Simone CB, et al: Shark cartilage for cancer. Lancet. 1998; 9; 351(9113): 1440.

17.Newman V, et al: Dietary supplement use by women at risk for breast cancer recurrence. The
Women's Healthy Eating and Living Study Group. J Am Diet Assoc. 1998; 98(3): 285-92.

18. Emst E: Shark cartilage for cancer? Lancet. 1998; 24; 351(9098): 298.

19. Markman M: Shark cartilage: the Laetrile of the 1990s. Cleve Clin J Med. 1996; 63(3): 179-80.

20. Hunt TJ, et al: Shark cartilage for cancer treatment. Am J Health Syst Pharm. 1995; 52(16): 1756,
1760.

21. Blackadar CB: Skeptics of oral administration of shark cartilage. J Natl Cancer Inst. 1993; 85(23):
1961-2.

22. Mathews J: Media feeds frenzy over shark cartilage as cancer treatment. J Natl Cancer Inst. 1993; 4;
85(15): 1190-1.

23. Couzin J.: Beefed-up NIH center probes unconventional therapies. Science. 1998;282(5397):2175-6

(78]

16




Charles B. Underhill, Ph.D. and Zhang, Lurong, M.D., Ph.D.
DAMDI17-01-1-0703
24. Oikawa T, et al: A novel angiogenic inhibitor derived from Japanese shark cartilage (I). Extraction and

estimation of inhibitory activities toward tumor and embryonic angiogenesis.Cancer Lett.
1990;51(3):181-6.

25.Lee A, et al: Shark cartilage contains inhibitors of tumor angiogenesis. Science. 1983; 221
(4616):1185-7. '

26. Langer R. Brem H. Falterman K. Klein M. Folkman J. Isolations of a cartilage factor that inhibits
tumor neovascularization. Science; 1976. 193(4247):70-2

27. Horsman MR, et al: The effect of shark cartilage extracts on the growth and metastatic spread of the
SCCVII carcinoma. Acta Oncol. 1998; 37(5): 441-5.

28. Moses, M A, Sudhalter, J., and Langer, R.: Identification of an inhibitor of neovascularization from
cartilage. Science 1990; 248: 1408-1410 '

29. Moses, M A, Sudhalter, J.,, and Langer, R.: Isolation and characterization of an inhibitor of
neovascularization from scapular chondrocytes. J. Cell Biol. 1992: 119 (2):473-482

30. Yixin Chen, XueMing Xu, Shuigen Hong, Jinguo Chen, Ningfei Liu, Charles B. Underhill, Karen
Creswell and Lurong Zhang: RGD-Tachyplesin inhibits tumor growth. Cancer Res. 2001; 61: 2434-2438

31. Nakamura T, Furunaka H, Miyata T, et al. Tachyplesin, a class of anti-microbial peptide from the
hemocytes of the horseshoe crab. Isolation and chemical structure. J Biol Chem. 1988; 263:16709-
16713 ‘ ‘

32. Rao AG. Conformation and antimicrobial activity of linear derivatives of tachyplesin lacking disulfide

- bonds. Arch Biochem Biophys. 1999; 361:127-134,
33. Kishore U, Reid KB. Clq: structure, function, and receptors. Immunopharmacology 2000; 49:159-170.

17



